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Uvod: Supklini~ka hipotireoza (SCH) defini{e se kao po -vi{en TSH uz normalne vrednosti tiroksina. Podaci o efektima rane supstitucije na psihofizi~ki status individua sa SCH nisu dovoljno konzistentni da bi podr`ali njeno uvo|enje. Metode: Klini~ki i biohemijski parametri, kao i kvalitet `i vota mereni su pre intervencije i 3 meseca nakon postiza nja eutiroidnog stanja. Rezultati: Zabele`ena je zna~ajna redukcija telesne mase (p=0,030), sistolnog i dijastolnog krvnog pritiska (p=0,024, p=0,019), homocisteina (p<0,001), leukocita i neutrofila u krvi (p=0,011, p=0,001), INR-a (p=0,049), nivoa K (p=0,040, p=0,013), HbA1c (p=0,001), insulinemije bazno (p<0,001) i insulinske rezistencije merene HOMA indeksom (p<0,001), lipidnih parametara (ukupnog holesterola (p<0,001), LDL-holesterola (p<0,001), triglicerida (p=0,007), apoB (p=0,022), Lp(a) (p<0,001), LDL/HDL (p=0,008), LAP (p=0,04) i apoB/apoA1 (p<0.023)), TSH (p<0,001) i tAbs (p<0.001). U~estalost masne jetre (sa 20% na 2,9%, p=0,016), hiperlipidemije (sa 85% na 65,7%,
Summary
Background: Subclinical hypothyroidism (SCH) is defined as high TSH and normal thyroxine. Data on the effects of early substitution by levothyroxine on psychophysical health in SCH are still not consistent enough to support its introduction. Methods: Clinical parameters, biochemical data and quality of life (Short Form 36 questionnaire) were measured before the intervention and 3 months after the euthyroid state had been achieved in SCH patients. Results: Significant reduction in body weight (p=0.030), systolic and diastolic blood pressure (p=0.024, p=0.019), homocysteine (p<0.001), leukocytes and neutrophils (p=0.011, p=0.001), INR (p=0.049), K levels (p=0.040, p=0.013), HbA1c (p=0.001), fasting insulin (p<0.001) and insulin resistance measured by HOMA index (p<0.001), lipid parameters (total cholesterol (p<0.001), LDL-cholesterol (p<0.001), triglycerides (p=0.007), apoB (p=0.022), Lp(a) (p<0.001), LDL/HDL (p=0.008), LAP (p=0.04) and apoB/apoA1 ratios (p<0.023)), TSH (p<0.001) and tAbs Introduction Subclinical hypothyroidism (SCH) is defined as elevated serum thyroid-stimulating hormone (TSH) and normal serum free thyroxine (FT4). SCH is a biochemical diagnosis based on the TSH concentration higher than 4.12 mIU/L or above the age-adjusted upper normal level as it was proposed by The American and European Thyroid Associations (ATA/ETA) and the American Association of Clinical Endo crinologists (AACE) (1, 2) .
The incidence of SCH is 4-10%, showing higher frequency in women. In people over the age of 60, the prevalence of SCH significantly increases and reaches 15% of females and 8% of males (3) . The most common cause of elevated TSH is chronic autoimmune thyroiditis (4). Among the individuals with the TSH values of 5.0-9.9 mIU/L, SCH progresses to overt hypothyroidism in 5.6% of cases. A much higher percentage of progression (85.7%) is seen in patients with TSH values between 15.0 and 19.9 mIU/L (1, 5) .
In patients aged less than 70 and with TSH <10 mIU/L, a diagnosis of SCH is not always followed by substitution with levothyroxine (LT4). According to current guidelines, a decision for treatment is based on the presence of mild symptoms suggestive of hypothyroidism, goitre and comorbidity. Authors advise LT4 treatment only if TSH elevation persists for more than 3 months and the patient has other risk factors for developing overt hypothyroidism (6) . Patients who do not fit into these recommendations are followed in 6-month intervals, and in those who start the 3-month trial of LT4, the effect of treatment should be evaluated.
Numerous studies emphasize the link of SCH with a great number of conditions that increase morbidity and mortality rates, such as weight gain, diastolic hypertension, low-grade inflammation, elevated total homocysteine, hemostatic abnormalities, changes in renal function, non-alcoholic fatty liver disease (NAFLD), hypercholesterolemia, dyslipidemia, de creased insulin resistance, metabolic syndrome (MS), coronary heart disease and ischemic heart disease (1, (3) (4) (5) (6) (7) (8) . Still, there are insufficient data for a favourable effect of LT4 on many of them. Quality of life is also frequently disturbed. For this reason, health-related quality of life (HRQoL) questionnaires are used in SCH as an additional tool for the assessment of the need for treatment (9) . They are also useful for the evaluation of the effects of early substitution since some studies have indicated that thyroxine improves scores related to complaints (including mental lethargy) and psychometric performance compared with a placebo (10) (11) (12) (13) .
The aim of our study is to quantify the effect of a 3-month trial of LT4 treatment on biochemical blood parameters and the quality of life in persistent SCH with TSH less than 10 mIU/L. Better validation of clinical benefit could help in making a decision whether to stop or continue the LT4 treatment and does the benefit support its early introduction. Another aim is to define the starting substitutive dose of LT4 and target TSH values.
Materials and Methods
This was a prospective open-label study. The including criteria were the presence of untreated SCH defined as TSH level between upper normal level to 10 mIU/L, normal FT4, positive thyroid antibodies (tAbs) and/or an ultrasound scan characteristic for chronic autoimmune thyroiditis. The exclusion criteria were: missing vital data (TSH), previous history of thyroid disease and treatment, conditions that affect thyroid status and lipid metabolism (14) , taking any medicine that affects the thyroid or lipid metabolism in the past 6 months (7), past or current serious medical diseases including diabetes mellitus and coronary (p<0.001) was recorded. Frequency of fatty liver (20% to 2.9%, p=0.016), hyperlipidemia (85% to 65.7%, p=0.001) and metabolic syndrome (34.3% to 2.9%, p=0.070) significantly decreased. A statistically significant positive association was found between the average dose of levothyroxine and changes in physical functioning (r=0.391, p=0.020), vitality (r=0.393, p=0.020), mental health (r=0.374, p=0.027) and overall dimensions of mental health (r=0.376, p=0.026). With increasing doses of levothyroxine, the previously listed scores of SF 36 grew (r=0.296, p=0.084). Conclusions: Early substitution of SCH improved the many clinical and biochemical parameters related to cardiovascular risk. Quality of life was also improved, and correlated only with thyroxine doses suggesting an indirect relationship between the degree of hypothyroidism and quality of life.
Keywords: subclinical hypothyroidism, biochemical parameters, quality of life, early T4 substitution p=0,001) i metaboli~kog sindroma (sa 34,3% na 2,9%, p=0,070) zna~ajno je sni`ena. Statisti~ki zna~ajna pozitivna povezanost na|ena je izme|u prose~ne doze levotiroksina i promena u fizi~kom funkcionisanju (r=0,391, p=0,020), vitalnosti (r=0,393, p=0,020), mentalnom zdravlju (r=0,374, p=0,027) i ukupnoj dimenziji mentalnog zdravlja (r=0,376, p=0,026). Sa porastom doze levotiroksina, prethodno navedeni skorovi SF 36 su rasli (r=0,296, p=0,084). Zaklju~ak: Rana supstitucija supklini~ke hipotireoze po bolj -{ava brojne klini~ke i biohemijske parametre, koji su u vezi sa kardiovaskularnim rizikom. Kvalitet `ivota je tako|e po -bolj{an i korelira jedino sa dozama levotiroksina, sugeri{u}i indirektnu vezu izme|u dubine hipotiroidnog stanja i kvaliteta `ivota.
Klju~ne re~i: supklini~ka hipotireoza, biohemijski parametri, kvalitet `ivota, rana T4 supstitucija heart disease, using any medication, including aspirin or diuretics, that might affect the study parameters, having symptoms and signs of clinical bleeding, smoking.
Weight, height, BMI, waist circumference (WC) and blood pressure were measured before intervention with thyroxine and 3 months after the euthyroid state had been achieved. The following biochemical parameters of blood were chosen for analysis: CRP was measured by nephelometry, a latex particle enhanced immunoassay (TBA-200FR, Tokyo, Japan); fibrinogen, INR, APTT were done by analyzers using kits from Dade Behring Marburg GmbH; total homocysteine in plasma was measured by the Abbott Homocysteine (HCY) assay; whole blood analyses were made using the Advia 120 hematologic system (automated analyzer). By using the Auto Analyzer HITACHI 7020 (902), Japan, the following bioche mical analyses were done: fasting plasma glucose, albumin, high-density lipoprotein cholesterol (HDL), triglycerides (TG), total cholesterol (TC), calcium (Ca), phosphorus (P), alanine aminotransferase (ALT), aspartate aminotransferase (AST), creatine phosphokinase (CPK) and lactate dehydrogenase (LDH). Lp(a) was measured with a commercially available enzyme-linked immunosorbent assay (Strategic Diagnostics, Newark, DE); insulinemia was measured by DRG: HYBRiD-XL® Immunoassay and Clinical Chemistry Analyzer from DRG Interna tional, Inc.; potassium (K) was measured by Re fur bished AVL 9180/Medica Easylyte Analyser. Immunoturbi dimetric assays were used for measuring the apolipoproteins A1 and B using the Cobas Bio centrifugal analyser; serum FT3, FT4 and TSH levels were measured by a commercially available automated chemiluminescence system and associated kits (ACS: 180, Chiron Diagnostics, East Walpole, MA, USA); tAbs were measured by the RIA method (Inep, Belgrade, Serbia).
NAFLD was defined as AST/ALT < 1. LDL-cholesterol (LDL) was calculated by the Friedewald formula (LDL = TC -HDL -TG/2.2) (15). Total-body lipid accumulation products (LAP) were calculated as: (waist circumference (cm) -65) × (triglyceride concentration (mmol/L)) for men and (waist circumference (cm) -58) × (triglyceride concentration (mmol/L)) for women (16) . MS was defined by the presence of three or more of the following five components: (1) central obesity defined as WC ≥ 90th percentile for age and gender; (2) elevated systolic and/or diastolic blood pressure ≥95th percentile for age, sex and height; (3) hypertriglyceridemia defined as TG ≥ 1.24 mmol/L, equal to the 90th percentile of the reference population; (4) low serum HDL (Low-HDL) defined as ≤ 1.03 mmol/L i.e., ≤ 5th percentile of the reference population and (5) impaired fasting glucose (IFG) defined as ≥ 5.6 mmol/L (17) . The insulin resistance index was calculated by the homeostasis model assessment of insulin resistance (HOMA-IR) as (fasting insulin mU/L) × (fasting glucose mmol/L)/22.5 (18) . The TG/HDL cholesterol ratio was calculated as a good predictor of cardiovascular events, and the LDL/HDL cholesterol ratio was estimated as an index of atherosclerosis. The Short Form 36 (SF-36) questionnaires, as a generic quality of life instrument, were self-administered by the patients and completed before the clinical examination. SF-36 is intended to measure the full range of health status and well-being, both physical and mental (19, 20) . After the initial investigation, levothyroxine (LT4) treatment was started in all patients. Doses sufficient to normalize TSH were ranged from 25 mg to 75 mg daily with a mean dose of 50 mg. Three months after TSH normalization all blood tests were repeated. All patients gave informed consent before participating in the study.
Data were analyzed using methods of descriptive and analytical statistics. The methods of descriptive statistics were: measures of central tendency (mean and median), measures of variability (standard deviation and interquartile range) and the relative numbers. The methods of analytical statistics were: identification methods of empirical distributions, methods to assess the significance of differences: Mc-Nemar test for categorical variables and paired T test or Wilcoxon signed rank test for numerical variables. The Pearson or Spearman correlation coefficient was used to analyze the relationship between study variables. The p<0.05 was considered statistically significant. All statistical analyses were performed in SPSS 20.0 (SPSS Inc., Chicago, Illinois).
Results
Our study included 35 patients, in the age range of 51.6±15.4 years, 29 females (82.9%) and 6 males patients (17.1%). Patients' anthropometric data and clinical characteristics are listed in Table I .
The body weight was significantly lower after treatment (p=0.030). There was no statistically significant change in BMI and waist circumference (p=0.320, p=0.422). A significant reduction in systolic and diastolic blood pressure is underlined (p=0.024, p=0.019). The analysis of cardiovascular markers, parameters of inflammation and hematological markers showed statistically significant reduction in homocysteine levels (p<0.001) (Figure 1) , total leukocytes and neutrophils (p=0.011, p=0.001), while the level of CRP and fibrinogen remained unchanged (p=0.788, p=0.114). There was statistically significant reduction in INR (p=0.049), and no significant change (p=0.693) in APTT levels. The significant decline in serum potassium (p=0.013) was recorded after the therapy. There was a statistically significant drop in HbA1c (p=0.001), fasting insulin (p<0.001) and insulin resistance measured by HOMA index (p<0.001) (Figure 1) , while the change in the value of fasting glycemia did not reach significance (p=0.192). Statistically significant decreases were registered in lipid parameters: total cholesterol (p<0.001), LDL-cholesterol (p<0.001), triglycerides (p=0.007), apoB (p=0.022), Lp(a) (p<0.001), LDL/HDL ratio (p=0.008) (Figure 1) , apoB/apoA1 ratio (p<0.023) and LAP (p=0.040). Levels of HDL, TG/HDL ratio, Apo A1 levels remained unchanged after therapy (p=0.287, p=0.209, p=0.335 respectively). The significant decrease was recorded in the level of TSH (p<0.001) and tAbs (p<0.001) ( Figure  1) and an increase in fT4 (p<0.001) and T3 (p=0.019) thyroid hormones. There was a statistical-ly significant reduction in LDH after the therapy (p=0.019).
Frequency of fatty liver (20% to 2.9%, p=0.016), hyperlipidemia (85% to 65.7%, p=0.001) and metabolic syndrome (34.3% to 2.9%, p=0.070) significantly decreased after the L-T4 therapy (Figure 2) .
The correlation between quality of life parameters, thyroid hormone levels and dose of levothyroxine used for substitution was done and the results are shown in Table II . A positive, moderate but significant correlation among the average dose of levothyroxine and changes in physical functioning (r=0.391, 
Discussion
The highest incidence of subclinical hypothyroidism is in women aged between 50 and 60 years, as in our work (3, 4, 21) . Since many studies showed that even mild thyroid hypofunction may represent an additional risk factor for metabolic and cardiovascular diseases, it is important to estimate the benefit of early levothyroxine replacement. Our decision to treat is based on these risks, patients' complaints, quality of life and their TSH level. The insufficient amount of evidence to support the benefit of early LT4 substitution is the main limiting factor, since its restoring effect on body homeostasis is still under investigation.
Even the cause of weight gain in hypothyroidism is complex, including excessive retention of salt and water, an increase in lean body mass, but is rarely related to the excess fat accumulation (22) . Erdogan et al. emphasized that BMI is significantly higher in SCH compared with euthyroid subjects (23) . The same was shown by Pe{i} et al. (3) , but they found that waist circumference was not increased in the SCH group compared with controls. Only a few studies were dealing with the effects of euthyroid state restoration on body composition. During the therapy, our patients reduced their weight, but there was no significant reduction in BMI and WC used as a surrogate marker of abdominal fat mass.
It is well known that the lack of thyroid hormones causes impaired vascular smooth muscle relaxation, increased venous resistance, and diastolic hypertension (4, 24) . Regain of normal thyroid hormone level contributes to the normalization of blood pressure (24) . After three months, our patients significantly reduced both systolic and diastolic blood pressure, with maximal measured values less than 130/80 mmHg.
Besides blood pressure, we monitored CRP, fibrinogen and homocysteine as widely used surrogate cardiovascular markers (25, 26) . Our results showed a profound reduction only in homocysteine level on treatment (Table I, Figure 1 ). According to Monzani et al., homocysteine level is higher in patients with SCH compared to euthyroid individuals (27) . Hyperhomocysteinemia contributes to atherosclerosis by accelerating oxidation of LDL and leading to endothelial dysfunction (28, 29) .
Although in the reference range, total leukocytes and neutrophils were significantly reduced in our group of patients after treatment. Christ-Crain et al. (30) published similar changes in leukocyte level, but with the subtle alterations of the leuko-lymphomono cytic distribution. Our results suggest a leukocyte shift to a more favorable profile and may imply an improvement of sub-inflammation state.
Limited published data suggest the existence of reversible coagulation and fibrinolysis derangement in hypothyroidism. In mild hypothyroidism, including SCH, it is more likely that the risk of thrombosis is increased, whereas in patients with more severe hypothyroidism a bleeding tendency is more frequent. In this study APTT levels were normal with no change on treatment, and INR showed a significant reduction within the normal range. Hypothyroidism decreases the catabolism of the vitamin K clotting factors and therefore potentially may influence anticoagulant treatment. The relevance of these findings in SCH is not quite established (15, (31) (32) (33) .
Among many effects of SCH on the whole body, renal function indices (i.e. serum creatinine, sodium, potassium and estimated glomerular filtration rate (eGFR)) may also be unfavorably changed and improved after achieving euthyroidism on therapy (34) . Our results supported previous studies considering potassium which was significantly reduced within the normal range, probably due to better renal excretion, or also due to better intracellular transport affected by insulin. Other mentioned renal function indices (not shown in the Table) were normal and unchanged by therapy.
According to many data, SCH is associated with early insulin resistance and fasting hyperinsulinemia (35) (36) (37) . On the other side, several reports emphasize no difference in fasting glucose level or hemoglobin A1C and the prevalence of diabetes mellitus between the SCH and euthyroid subjects (38) (39) (40) . Our results demonstrated a significant reduction in HbA1c, fasting insulin and insulin resistance measured by HOMA index (Table I, Figure 1 ) after levothyroxine treatment. Having in mind the role of insulin resistance in the development of many cardiovascular events, this finding seems very important.
Thyroid hormones regulate lipid metabolism in several different ways. According to a recent study, an increase of 1 mlU/L in serum TSH was associated with a rise in serum cholesterol of 0.09 mmol/L in women and 0.16 mmol/L in men (24) . The LDL/HDL and TG/HDL ratios are frequently used for a more accurate assessment of cardiovascular risk, related to the metabolic pathway of cholesterol (41) . In a recent study, elevated triglyceride levels were also found to be an independent risk factor for cardiovascular disease in SCH (7) . Lipid disorder in SCH is represented by an increase of TC and LDL cholesterol, as well as increased LDL/HDL and TG/HDL ratios which even better represent disturbance of lipid profile (24) . Our study pointed out that early substitution and achievement of a euthyroid state significantly improves the LDL/HDL ratio (Table I, Figure 1 ) which might decrease cardiovascular risk. Also, a significant decrease of total cholesterol, LDL-cholesterol and triglycerides was registered, with no change in HDL cholesterol and otherwise normal TG/HDL ratio. The increase of apoB/apoA1 ratio reflects the increasing of cardiovascular risk in hypothyroidism (41) . Some data report higher values of apoB in SCH compared to euthyroid individuals, which are corrected by LT4 treatment (41) . Our results demonstrated significant decreases in apoB (Table I, Figure 1 ) and apoB/apoA1 ratio while apoA1 remained unchanged. The frequency of hyperlipidemia also decreased ( Figure 2) .
Lipoprotein (a) is considered as one of the blood markers for atherosclerosis and thrombogenesis risk. The association between increased levels of Lp(a) and SCH has been found only in patients with TSH value above 12 mIU/L and in postmenopausal women regardless of their serum TSH value (42) (43) (44) . Our patients had a significant decrease of Lp(a) level after the treatment, but generally the mean values were lower than 100 mg/L even at the time of the diagnosis (Table I, Figure 1 ). Still, taking in mind the deterioration of lipid profile and insulin sensitivity, age and sex distribution in SCH, measurement of Lp(a) may have clinical importance. A positive effect of LT4 replacement on Lp(a) level and lipid metabolism also may be expected. In accordance with this, we found a decrease of LAP that is caused by improvement of lipid profile and weight loss.
The level of thyroid antibodies and TSH are found predictive for the progression of SCH in clinical hypothyroidism (1) . Restoring of euthyroid state was followed by reduction of tAbs (Figure 1 ) in this study, suggesting an amelioration of autoimmune thyroiditis.
Liver enzymes AST and ALT are reported to be increased in subclinical hypothyroid patients compared to euthyroid individuals (29) . Our results are in accordance with the literature data since the percent of positive criteria for fatty liver are decreased after the therapy delivery ( Figure 2) .
According to some data, the increase of TSH is followed by the increase of MS frequency (45) . Even a high normal TSH (2.5-4.5 mmol/L) is associated with the metabolic syndrome (46) . Normalization of TSH led to the decrease of frequency of MS in our patients after the therapy (Figure 2) .
Thyroid diseases have a large influence upon both the physical and the mental dimensions of health status. According to an Italian study, even a subclinical thyroid disturbance alters the perceived health status (47) . Another study demonstrated that thyroid autoimmunity with normal thyroid function is associated with mental health in postpartum depression (48) . Inconsistent with the above findings are results from the study that included elderly subjects and reports that SCH is not clearly associated with cognitive impairment, depression or poor quality of life (QoL) (49) .
There are many controversies about replacement therapy in SCH. According to some authors, the patients have improved well-being if the LT4 dosage is adjusted until TSH reaches lower part of the reference range (under 2 mmol/L) (10, (50) (51) (52) (53) (9) . Our results showed that even average replacement doses of levothyroxine are significantly associated with the improvement of physical performance, vitality and mental health found in untreated SCH. An increase of SF-36 questionnaire score(s) showed a positive correlation with the increment of LT4 doses. There were no significant correla-tions among the changes of TSH, FT4, FT3, tAbs and the scores of SF questionnaire. Although the changes of hormone levels have not correlated with the changes of quality of life, the treatment replacement dosage of levothyroxine has, suggesting an indirect relationship between the degree of hypothyroidism and the quality of life.
Conclusion
The current guidelines on the diagnosis and treatment of SCH define who the screening candidates are (1, 2) . Still, there is no clear evidence to support the benefits of early treatment of SCH and recommendations for the introduction of levothyroxine are inconsistent for TSH less than 10 mIU/L. According to available data, this is the most complete study on the effect of early substitution of subclinical hypothyroidism on the biochemical parameters and the quality of life in Serbia. This data can be used to produce new approaches for the creation of SCH treatment. The new approach should be based on treatment with a higher starting dose of levothyroxine (50-100 mg) or target values TSH less than 2.5 mmol/L except for the very old individuals. The improvement of clinical parameters (blood pressure, body mass), biochemical parameters (homocysteine, lipid profile, LAP, glucose metabolism) and quality of life seems to be a relevant index or indicator in monitoring the therapeutic effect.
Limitation of the study
This is a pilot study, with 35 patients that are followed for 3 months after achieving a euthyroid state.
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